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Dan Jackson, Western editor

\,lodern mining methods and equipnrent, a gravity-based concentra-
tor flou that uill require only five process pumps, and metric design

are the highlights of The Anaconda Co.'s Carr Fork project in Utah,
u'here production is scheduled to begin in late 1979. The 12,70G

mtpd mine u'ill feed copper ore grading 1.847o Cu to a 9,000-mtpd
plant, riith full production to be reachcd about a year after startup.
Biproduct crcdits uill include nrolibdenum, gold, silver, and magne-
tlte.

Carr Fork, located adjacent to Kcnnecott's Bingham Canyon
open-pit mine, 25 mi south*est of Salt Lake City, will cost an
estimated $216 million and will produce 45,000 to 55,000 mtpy of
copper contained in concentrates. One of the very few underground
base metal mines developed in the US in the past decade, Carr Fork
will make use of a variety of equipment that has come onto the

market in recent years. Hagglunds loaders (see cover), five-car
shuttle trains, and twoboom Atlas Copco drill jumbos are in use for
development, and rubber-tired LHDs will be used for ore recovery.
The main haulage s1'stem will include two trains of Asea l2-cu-m
cars, each train being made up of 18 cars moved by two General
Electric 30ton locomotives. The trains can be controlled fron either
locomotive, with the second unit responding automatically to the
op€rator's commands. The trains can also be radio-controlled by an
operator at the loading chute. The system is hing built to conven-
tional US railroad standards.

Conventional blasthole methods may be used to mine the Carr
Fork ore, but management is also planning use of Canadian Indus-
tries Ltd.'s patcnted "\'ertical Crater Retreat" method. Project
managcr .{rt Ditto conrments: "This method has been a fact of-life
for thrcc 1ears. It enploys essentially the same procedu,es we have
alreadl anticipatcd using -nothing different with respect to develop
ment, drilling, ore draw, and so on. It's simply a variation, and it has

lhe potential to eliminate some development u'ork and also to utilize
explosives more cffectively. It has the potential to reduce blast
damage throughout the mine and at the same time produce better
fragnrentalion. It's a very significant developnrent."

Because Anaconda nanagement elected to build the concentrator
in the steep, narro\\'can)'on rvhere the production shaft headframe is

located, designing the plant u'as "not going to be the easy job of
setting it out in the middle of a big field and urapping a building
around it." \'lill equipmcnt manufactured 1o standard English units
\\'as 0ne erccotion to the metric s\\tem of meesure that Anaconda
adopred throughtrut most of the Carr Fork project.

Carr Fork is thought to be the first US mine designcd from the

beginning around the metric slstem. \{anagenent thinking u'as that
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the country *'ill eventualll convert lo metric measure, so starting out
*ith metrics at Carr Fork rvould be a plus. Conversion at a later date
would only create problems, and maintaining a set of records and
maps in both English and metric units would be burdensome.

Despite cost escalations and inflation, the Carr Fork project has
managed to remain close to budget and on schedule. Cost estimates
arrived at in the feasibility study conducted in 1974 have proven to
be very close to actual construction costs.

In building Carr Fork, Anaconda philosophy has been to use the
services of the emplovees who will operate the complex. Mining-
being an art as ri'ell as a science-reflects the erperience of all the
people involved, the company feels, so those now "on board" u'ill run
the project when it comes into production. To offset a serious
shortage of underground miners in the project area, Anaconda
initiated a "head start" undcrground miner training program in the
spring of 1977-more than tivo years ahead of the scheduled
production date-uith trainees receiving four months of classes and
practical instruction before going to work in the mine. The program
may be expanded in the future to include concentrator personnel.

rru Ett{GHRftl DtsTfitff stt{c€ t9t4
Anaconda, uhich acquired the Carr Fork property in 1948, has

bcen active in the Bingham district since 1914, *hen The Interna-
tional Smelting & Refining Co., a subsidiary, built a custom smelter
near Tooele, Utah. To establish stable sources of smelter feed,
,{neconda acquired interests in various properties and cornpanies in
the district, and b1 the mid-1930s, it held a subslantial interest in the
arca \\cst of the Binghanr pit. Fir,e of the coinpanies in uhich
.,\n:rconda had intercsts subscquently consolidated to form National
Tunnel & l\,lines Co., shich divelop.d the first unde r-rround copper



nrinc in that p.rrt of thr,' district
To tr.in.porl orc front the Utrh-Dcla$rrc minc to thc Intcrn:rtion-

al con\'cntrrlor and smeltcr, National Tunncl & Ifincs bcgirn
driving thc 27,000-ft Elton tunncl in 1917, cl,nrplcrin-! thc projc-cr in
1911. Thc cornnsn) continucd t0 o;'c rate unril 1917. During the ncxt
;crrr, Anrrconda acquired all of the Nationrl Tunncl & \{ines assets
and lands, including the Carr Fork claims. A 20-1crr cxploration
proSram on thc propcrties cventually pronrptcd ertcnsive core drill-
ing, starling in 1969. By 1973, drillers had d.-lincrted the Yanrpa
and tlighhnd Boy orcbc{ies that are the basis of the Carr Fork
nilne.

The Crrr Fork deposits lie under the u,estcrn flank of the Oquirrh
lllountrins at a depth of 610 to 1,830 m. The ore is a skarn formed in
tso limestone units enclosed by quartzites, all of u'hich are Pennsyl-
vrnian in age. During the Cretaceous, the beds uere foldcd into a
scrics of northwcst-trending aslmmctric anticlines and synclines.
Later, a multiple intrush'e sequencc of rocks ranging in com;nsition
from qulrtz monzonites to latites resultcd in forrnation-r,i the
Bingharn prphyry ore and, presumably, of sp.itially assmiared
skarn, fissure. and replacement deposits. Sut'sequcnt faulting
produced a complex structural pallcrn and scveral large structural
blocks.

The Carr Fork orebodies have avcrage overall dimensions of 900 x
1,000 m, and they erhibit cxceptional continuity. There are no
unnrincralizcd zones uithin currently defined boundaries. The two
mineralized limestone *kds range in thicknes fronr 25 m to ?5 m.
Dips range from vertical to 20', and the strike varies from east-west
to northcast-southrvest. Hangingwall and footwall rocks are general-
ly unmincralized guartzites, with thc exception of somc minor areas
of copprl mineralization in the hangingrvall. Thc orc is moderately
hard and tough. \\'aste rrrk is hard, brittle, and nell fractured.

f*!I,!G sffrucD Bv FG[r3 st;iFTS
Four circular, concrete-lined shafts will service the Carr Fork

mine. Three -the production, service, and exhaust air shafts-were
sunk from the surface, while the fourth-a fresh air shaft-is
collared near the end ofthe 1,830-m Pine Canyon tunnel (see mine
cross section). A \\'atson four-botm jumbo and tuo Cryderman
muckers *ere used in sinking each of the shafts.

Shaft-sinking crcus bottomed the 5.79-m-dia production shaft at
1,153.36 m in latc 1978, with crews lrom Anaconda and peter
Kiewit & Sons both contributing to the'work. The sinking rate,
including all stations and delays, u,as 1.2 m per day. A Noidhrg
double-drum, double-friction-clutch hoist porvered by a 2,250-hp
motor \r'ts used to sink the shaft.

The service shaft is complete to a depth of 1,t72 m and is hing
uscd to hoist $'aste as rvell as men and supplies until the production
shaft becomes operational. Thc 5.79-m-dia shaft is fitted with a
6,000-hp Nordberg double-drum, positive-clutch hoist, a 14.5-mt
Lakeshore skip, and a 72-m:rn cage. The hoist sp'ed is 670 m per
mrn.

Anaconda mine planners decided to sink the fresh air shaft
intcrnally to reduce costs and to m, ke better use of manporver and
equipment. Thc S.S-m-dia shaft willbe botromed at 1,070.11 m. The
Pine Canyon access tunnel rvill be used only for air intake and for
servicing the shaft.

Thysscn Mining & Construction Co. sank the initial ?60 m of the
1.024-m-deep, 6.7-m-dia cxhaust air shaft. Sinking of this shaft will
resume in 1979, and three axial florv fans erentuellv u.ill be instrlled
at thc collar of thc shaft.

970 ffiD I,F.CIO f.'llTllil ICVGLS
Carr Fork nrinc. dercloprrent is in progrcss on main lerels at

clevations of 970 and 1,200 m abole sc'a level. Drifts advance at the
rate of about 7 m 1"-r day. The 1,200 lcvel is .1.5 m high x 1.7 m * ide
.irrd sill proride 

'tcncral 
tcccss to thc minc *orkines. The 970 lcrcl is

4.5 high r { rn ri,,lc lnd uill h uictl for m:rin h,iulrgc.



Carr Fork project
(PLANT fERSPECItVE)
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Der,eloprnent equipment on the 1,200 level includes tu,o-boom
electric/hldraulic Atlas Copco jumbos; a Hagglunds loader and
five-car shuttle train; and two 22.7-mt Pllmouth diesel locomotives.
ANFO is used for blasting uherever possible, and Ireco 38-mm
u'ater gel or 32-nm gel is used in all other cases. A Getman scissor

truck is used ior loading blastholes.
On the 970 level, equipnient now in use includes tu'o 3.8-cu-m

Jarvis-Clark LIJDs and a tlrlboom jumbo. In the near future, a

Hagglunds loader uill replace the LHDs.
An Ingersoll-Rand RBM-7 raise borer nill be placed in service to

open ore and rvaste passes and ventilation raises. The first sublevel is

now being driven into the Steep Highland Bo1 orcbody by Th1'ssen

Mining & Construction crews.
Future dcvelopnrent work to rnaintain production is crpected to

average about I 1,000 m per year, including drifts, crosscuts, rarnps,
an0 rarses.

PIRP{S FON VCR

In the Vertical Crater Retreat blasting method now planned for
use at Carr Fork, in-the-hole drills sink large-diameter holes from
the top sill, through the ore, to an undercut drarv opcning. Sphcrical
erplosives charges are placed at a calculated optimum distance
above the back. and a horizontal thickness of ore is blasted doun-
sard into the undercut area. The procedure is rcpcated upu'ard until
the lop sill is rcacht'd and blasted into the stope.

Regardless of the mining nethod used at Carr Fork, blastholes
\\'ill be drilled 165 nrm in dianreter using in-thc-hole drills. Stope
gcoiretrl uill vary to accoilin-,odate the outlines of the orcbody. In
individual stopes. Lrne or tuo drill drifts uill hc irlcned at the top 0f
lhe ore, and trackless drau' points and an undcrcut drift will be
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located 45 m to 50 m below the drill drifts. Stope and pillar
dirnensions uill depend on rock strength. When necessary, mined-out
stopes rvill be backfilled prior to pillar recovery, uith fill obtained

frorn development \\'asle and hangingwall cave.

The main pumping slstem for the mine is still being designed,

uilh eventual flou's expected to reach 10,000 liters per min. C-5 and

D-5 A-S-H pumps are currentl) in use underground.
Carr Fork production crcrvs uill bcgin mining near the top of the

vertical section of the Steep Highland Bo1'orebody, advancing along

the strike of the mining horizon. Successive sublevels will be rvorked,

moving dounu'ard through the orebody. \\'hen fully developed, the

mine u'ill have three producing areas-thc Steep Highland Boy, the

Upper Highland Bo1, and the Upper Yampa.
LIJDs having 3.8-cu-nr-capacitl'buckets rvill transfer ore to

2.1 3-m-dia transler raises equipped *ith 0.76-m grizzlies and spaced

to Iimit haulage distances to an alerage of 100 m one u'ay. jVIain ore

passes will be raised 2.44 m in diameter through competent,

unnrineralized limestone from the 970 main haulage level. Ore
loaded into l2-cu-m bottom-dump cars through *'ide-mouth arc-gate

chutes will be hauled 2,300 m to coarse ore bins.

From the tu'o 600-ton coarse ore bins, nruck u'ill feed to a 1.829-m

glratory crusher orer a 1.83 x 6.10-m vibratorl fecder. Crushed ore

uill move to tu'o 2.500-ton fine ore bins, and waste uill report t0 a

2,000-ton *'aste bin. A 48-in. bclt conrcl'or sill transfcr the material

to skip loading pcckets on the 970 level-

$60 ftllltf$[{ FOf,l f'.fi9l[ TO DnT€
.\nrconda has invrsicd 560 millic,n in the Carr Fork nrill so far,

ri irh Sl I million g.,ing ft-rr ncu cquipntcnt. Scrme cquipnre nt las
obtrrincd fr,rm othcr ,{naconda opcrations lnd uas rcbuilt. Anacon-
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da engincers designed the flou'sheet, and Bechtel Corp. is providing

construction management. Concentrator superintcndent Jeff But-
uell, rvho u'ill nanage the plant after startup, has been u'ith the

project since it began.

Anaconda considers itselfconservative ruhen it comes to designing

and building crushing plants, and the company has come up uith an

extra-husky plant for Carr Fork. Equipnent includcs Nordberg
crushers, Tller screens, Falk driles, and Jeffrey belt convclors.
Coarse feed to the 7-ft-dia Standard cone crusher is controlled by
power draw. Rheostats connected to apron fecds *'ill be adjusted

manually bl an operator to keep a 200-ton-capacity surge bin iull,
ahead of screens that are installed ahead of tu'o 7-ft-dia Short llead
crushers (see f'lou sheet).

Three slot-11pe feeders under a 10,000-ton-lire-capacin fine ore

stockpile fccd to a 36-in.-side conicyor belt, uhich is controlled by

the fecd rate, and thc ore thcn advances to the rod mill. The Koppers

Hardinge grinding rnills include the l4 x 20-ft rod mill, a l6rlz x

29-ft ball mill, and two 9% x l5-ft regrind ball mills. Krebs c1'clone

classifiers produce a circulating load of ,100% for the ball mill.
Estimated steel consumption in the rod, ball, and regrind mills u'ill
be 0.70 lb per mt, 0.9.1 lb per mt, and 0.06 lb per mt, respcctively.

Po*er consunrption in the piiilrry grinding circuit u'ill be about

ll.5 krv per ton t0 drive the 2,000-hp rod mill, 5,000 hp ball mill,
and 600-hp rc-crind nrill.

The grinding circuit is closc'circuitcd uith the q1'sl6ns5, shose

feed dcnsity uill be nrcrsurcd bi an Ohmart dcnsill glmma gauge

and adjusted by adding \\'ater rts necessar). \filling and classification
uill rcduce the ore in size to 100 mcsh, rathcr fine for a c(r;)lcr ore

but hclpful in acliil'ing s !.f[ 11';Lrvsry rate.

Clclone o\crflorr'uill rcport to a l7-cell roughcr flotation circuit
con,priscd of ,i00-cu-ft cclls. Roughcr conccntrale u ill thcn report to

1'

l|odern equipmant provides muscle for
Carr Fork's urrderground operations.
Seen here are HagElunds ore cars, a
low-pro.file road grader, a front+nd
loader, a jackleg drill, and a sholcrete
applicator.
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the two ball mills in the regrind circuit, and regrind mill discharge

uill be pumped to four l5-in. cyclones. This cyclone orerflow, at

nrinus 325 mesh, rvill advance to two cleaning stages, the first being

a four-cell cleaner circuit and the second being a two-cell recleaner

circuit. Flotation cells of 300-cu-m capacity u'ill be usod in the

clcaner circuits.
Tailings from the rougher cells *'ill be pumped to three 26-in.

clclones for sand scparalion. Clclones overflow u'ill discharge to

tailings dispsal, shile undcrflou'will report to a circuit of five
500-cu-ft sand flotation cells. Sand flotation concentrate rvill be

pumped to the regrind-circuit cyclones by two 8 x l0 Galigher
pumF.

Cleaner tailings uill flou' to six 300-cu-ft scavenger cells, and

tailings from this circuit uill discharge to tailings disposal. The

scr\,enger conccntrate reclcles to the regrind circuit.
Recleaner conccntrate uill report to a 125-ft-dia Dorr-Oliver

lhickener, where it will be thickened to 65-7jZc solids. Thickener
underflow will report to trvo 20-ft-dia storage tanks equipped with
Denvcr agitators. ll{oisture in the concentrate slurry rvill be reduced

lo 12%by filtration uith two l2 x l8-ft Ametek drum filters having
a total filtering area of 1,360 sq ft. The filters are equipped for string
discharge. Filtr'r''ake uill be conveled to a 2,000-mt-capacity stock-

plle.

Filter tailings uill report lo tuo 22-5-it-dia Dorr-Olirer tailings
thickeners. Orcrflou'uill be returned to the mill for rc'us€,0Dd

undcrflow uill flou bi graiitl through an l8-in.-dia, reinforced-

c(rncrctc pipclin.' to the tailings pond for scttling.
Conccntrale lorded into trucks by a front-end loader uill be

hrlrrlcd 9 rni to thc mlin line of the Unitrn Pacific railroad. From

thcre, thc c()nccntraic lill rnore by rail to,Anaconda's snielter at
Anlconda, \krnt. Blisier coppcr pruJuced at Anrc.rnda uill be
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JThe steep slope of Pire Canyon permitted Anaconda to design an energy<ffcient crushing
plant and concenlrator by maximum use of gravity based flow.

shipped. to the elettrolytic refincry at Grcat Falls, l\{ont., for further
processrng.

ctTtTR FO6IE{'S Coflipt TCRS

Since the beginning of the project, Carr Fork has undergonc four
computer conversions, starting with a 360 Model 20 and then
moving up in size and capability to a 37Gll5, then to a 370-ll5
Mod 2, and finally to an IBM 270-138. \ilore than 2l CRT screens

installed throughout the complex provide quick access to the comput-
er by the various departments. Furthermore, "This is not the last
stage of conversion. We're probably in the middlc stage, rvith two or
three stages to go bcfore \4e rcach our peak," says Jerry Johnson,
data processing supen,isor.

The data proccssing group services enginccring, geology, account-
ing, oifice senices, pcrsonnel, pa)roll, purchasing, nratcrials control,
maintenance, project control, and senior management ol all depart-
ments. CRTs are scheduled to be installed in the mill and under-
ground for mainlenance and operating service.

At Carr For( all s)stems design and programming work is

predicated on a "data base" concept that places common data files at
the dispsal of a variety of users. For erample, a single geological
data file will be used by cnrplolees in the dcpartnrcnts of gcology,
engineering, rock mechanics, and others.

Engineering and project control have access to files that produce
PERT (program elaluation and revieu'technique) diagrams, and a

procurcment program rcports the dates *hcn prtr.pcts must be

started and the length of tinre they uill take, the dates \r'hen

dra*'ings must be corrrplcte, and the dttes for cquipnrcnt procure-
mcnt and shipping.

\lajor conrputer progrirms are delclopcd b1 Carr Fc'rk pcrsonnel,
not bl' data pro.cssing si)ccialists. Thc data base continues to

increase, and so, according to Johnson, does demand for computer
time.

}i€F.D ST$frT UiiD€frGNOUND
Carr Fork started its first training class in the spring of 1977, and

in August of that year, the first graduates received certificates in
trackless mining procedures. Eight graduates of the class are
currcntly uorking full line as miners in mine development.

During the early stages of mine development, contractors were

enrploied. Nou nearll'all of the miners are Anaconda employees. At
startup, the company uill need a work force of 800, and, according
to a company study, it cannot expect to recruit lhem from other
mining connrunities. Hiring and training of local residents is now
standard practice, and since few of these new employces have
undcrground mining skills, training from scralch is an integral part
of the projeur. Trainees for underground rnining are screened

carefully, and, on the arerage, about eight new trainees are selected
cach month, receiving pay from the start of training. After graduat-
ing, they are normally paid the going rate for third-class miners.
Progress is regularly assessed for possible promotion, depending both
on learning and on alailable opcnings.

The curriculum includes four major topics: drilling, blasting,
ground support, and nrucking. As part of the orientation, scssions are
held on mine safety and first aid. Underground training is conducted
by three coordinators, one for each shift. After four months of
training and tuo m0nths on thejob, most trainees are considered to
have the knouledge and the skills necessary for prcmotion to
first-class nrincrs.

Ovcrall. Anrrconda fcels it has do,elopd a good fornrat for the
b:rsic trai.rirr-g pro!r.lln, uhich the contprn\ llans to continue lor the
lil^c of the mine.
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In dcciding to develop an undcrground mine at Carr Fork,
Anaconda management had to consider several knotty problems.
"Probably the most important issue relates to the cost of production,
as opposed to speculating on what the future market price might be,"
according to project manager Art Ditto. "The first premise is that
there rvill continue to be a copper business. If this is accepted as

valid, analisis must then shift to the position of the company as a

producer in the copper industry. lf it is a lot-cost producer and if
there continues to be a copper business, the conrpany rvill survive.

"lt became apparent early in the companlrs anall'sis that the Carr
Fork orebody could be a low-cost producer," says Ditto. "This
provided a substantial prtion of the encouragement or assurance to
commit the tremendous amounl of monel required.

"On the other side, the consensus at the time the appropriation
rvas conrrnitted and nranagcment slill lcels strongly about this as

rcgards long-range planning--*as that the price,/cost squceze that
the coppcr industry is now in will change. There will be a profit
margin in this business in the 1980s. Anaconda is optimistic that
Carr Fork can do uell not only because it is a lou-cost producer but
also because the nine *ill be conring on stream during a period of
higher dcrnand than the industrl has bcen looking at rcccntly.

"81 putting this projcct in no*', the compan)'can start up during a

period of high dcmand, instead of bcing inrolved in a period of
capital expenditure during a tinre uhen it can gencrate rcvenue. This
is one of thc problcms most mining ctnrpanies face. The only time
thcy can -qenerate enough cash to provide the funds for capital
expansion is during times of highcr pr,.duct prices. 81 thc time thcy
get the projcct going. the dcnrand is gone, and thcy are tr_\ing to
rccovcr the investmcnt at lon prices for the prtrduct. Anaconda htrpes

in this case that it \\ill bc in the rocrsc nosition."H

Reprinted from ENGINEEFING & MINING JOURNAL, January 1979
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T*oboom Aths Copco drill jumbo, used in development work al Carr Fork,
can drill a SO-hole drill pattern in 2 hr or less, requiring only one operator
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